Water temperature in the eastern part of the Yellow Sea (EYS) during winter (JFM) and summer (JJA) from 1964 to 2009 and Siberian High Pressure Index (SHI) and Arctic Oscillation index (AOI) during winter (JFM) from 1950 to 2011 were used to analyze long-term variation in oceanic and atmospheric conditions and relationship between winter and summer bottom water temperature. Winter water temperature at 0, 30 and 50 m had fluctuated highly till the late of 1980s, but after this it was relatively stable. The long-term trends in winter water temperature at both depths were separated with cold regime and warm regime on the basis of the late 1980s. Winter water temperature at 0m and 50m during warm regime increased about 0.9°C and 1.1°C respectively compared to that during cold regime. Fluctuation pattern in winter water temperature matched well with SHI and AOI The SHI had negative correlation with water temperature at 0 m (r=-0.51) and 50 m (r=-0.58). On the other hand, the AO had positive correlation with Winter water temperature at 0 m (r=0.34) and 50 m (r=0.45). Cyclic fluctuation pattern of winter water temperature had a relation with SHI and AO, in particular two to six-year periodicity were dominant from the early of the 1970s to the early of the 1980s. Before the late of 1980s, change pattern in winter water temperature at 0 and 50 m was similar with that in the bottom water temperature during summer, but after this, relationship between two variables was low.
Introduction1 )
The eastern part of the Yellow Sea (EYS) which is shallow water and main fishing ground in the Yellow Sea is semi-closed sea surrounded by Korean peninsula and China, and it responds sensitively to atmospheric-oceanic variability such as sea surface cooling/heating and sea wind (Lee et al., 2007) . As a result, water column is vertically homogeneous in winter and this winter cooling and heating effects may influence on the distribution of bottom layer in summer (Go et al., 2006; Jeong et al., 2003; Kang and Kim, 1987; Lee et al., 2007) . Sea surface temperature in the Yellow Sea is the highest in August and the lowest in February, and this fluctuation matches well with the change in air temperature and wind speed (Go et al., 2009; Lee et al., 2007) .
Oceanic conditions in winter with cold and dry air mass originated from Siberia is considered as main factor causing change in fisheries conditions ). According to Kim et al. (2009) 
, Siberian
High Pressure has positive correlation with the catch of pacific cod, cold water species in the Yellow Sea.
This extremely cold temperature and very little moisture air mass that forms primarily in winter over Siberia covers the entire East Asian continent (Gong and Ho, 2002; and it is also highly correlated with winter monsoon (Gong et al., 2001; Jhun and Lee, 2004) . In particular, Siberian High Pressure and Arctic Oscillation are highly correlated with each other and they play a decisive role a variations of winter climate in the Eurasia continent including Korean peninsular (Gong and Ho, 2002; Nagato and Tanaka, 2012) . When Arctic Oscillation Index (AOI) is negative (positive), cold air mass expands towards Siberia and it results in the stronger (weaker) Siberian High Pressure than normal (Gong and Ho, 2002; Nagato and Tanaka, 2012) . In sequence, the stronger Siberian High Pressure may cause decrease in air temperature and precipitation over the East Asian continent due to movement of cold and dry air mass, and finally it influence on the strength of winter monsoon over the East Asian (Jhun and Lee, 2004) .
Expanding of the cold and dry air mass passing over the Yellow Sea cause heavy snowfall along the western coast of Korea (Go et al., 2009) . In addition, a cold wave during winter frequently hits the whole area of Korea, and Arctic Oscillation influences on the occurrence of this cold wave (Shin et al., 2006 (Fig. 1) . 
Siberian High Pressure Index
The Siberian High Pressure Index (SHI) which it indicate the strength of sea level pressure over the Siberia (Gong and Ho, 2002) 
Arctic Oscillation Index
Winter (JFM) Arctic Oscillation Index (AOI) is defined by leading principal component of the monthly mean sea level pressure anomaly field over the domain poleward of 20°N (Thompson and Wallace, 1998 ; available at http://www.cpc.ncep.noaa. gov/products/precip/CWlink/daily_ao_index/ao.shtml.) (Fig. 3) . The positive value of AOI represents lower pressure than normal at the Arctic region. AOI is an index of the dominant pattern of non-seasonal sea level pressure variations north of 20°N, and it is characterized by pressure anomalies of one sign in the Arctic with the opposite anomalies centered about 37°N-45°N (Thompson and Wallace, 1998) . According to Gong et al. (2001) , Gong and Ho (2002) and Nagato and Tanaka(2012) , the Arctic Oscillation is linked to the mid-latitude. When the AOI is positive, surface air temperature in the mid-latitude such as Siberian and Canada is warmer than normal and over the north polar region such as Greenland is cooling. 
Statistical analysis
Water temperature anomaly at 0, 30 and 50 m in winter was calculated, and it was compared with SHI, AOI and water temperature in summer. Cross correlation coefficient between winter water temperature at 0, 30 and 50 m and SHI and AOI were calculated to understand relationship between each factor.
Results and Discussion
A similar climatological trend in time series change of winter water temperature at 0, 30, 50 m was shown (Fig. 4) . It means that water column is almost vertically homogeneous and this phenomena is caused by vertical mixing due to the effect of tide, wind and sea surface cooling (Lee et al., 2007) .
Interesting thing in this long-term variation is that climatological trend is separated into two regimes, that is, cold regime before the late 1980s and warm regime after the regime shift. Mean water temperature at 0, 30 and 50 m in winter during warm regime increased about 0.9°C, 1.1°C and 1.1°C respectively compared to that during cold regime. Change in long-term trend before and after the late 1980s was matched well with the regime shift which water temperature changed from cold phase to warm phase in 1987/1988. According to Minobe (2000) , this change was marked through various climate factors, and particularly it was occurred repeatedly in water temperature around Korean waters. In particular regime shift in 1987/88 was shown clearly (Fig. 4) . In previous research (Kang et al., 2000; Lim et al., 2012; Tian et al., 2003; Tian et al., 2008 , Zhang et al., 2004 , regime shift in the late 1980s around Korean waters was focused mainly on the East Sea and East China Sea, however there was a few research on the ecosystem and marine environment in the Yellow Sea (Kang, 2008; (Table 1) . These atmospheric variations such as Arctic Oscillation and Siberian High Pressure affect water temperature in the EYS (Table 1) . Moreover, water column in the EYS is well mixed vertically from surface to bottom. Therefore, these atmospheric variations affect almost vertically homogeneous in water column in the EYS (Fig. 4, Table 1 ). The cross spectrum between atmospheric variability The EYS is shallow water, and water column is well mixed vertically by tide forcing, sea surface cooling and so on. Therefore, water column from surface to bottom could be quickly response to the change of atmospheric condition such as Siberian High Pressure and Arctic Oscillation (Figs. 8 and 9, Table 1 ). As mentioned above, the expanding of Siberian High
Pressure towards the Yellow Sea pushes cold and dry air mass which it has few moisture content over the Yellow Sea, and it takes a large amount of moisture by the process of evaporation from the sea surface (Go et al., 2009) . After all, increase of density due to surface cooling makes more easily the water column be mixed vertically in winter time. In next spring through summer, the air-sea heat budget at surface is dominated by the incoming solar radiation. Therefore, surface water temperature was increased, but bottom water separated from the surface warm water by stratification. (Cho and Cho, 1988; Zhang et al., 2008) .
Time-series change in water temperature at 50 m in summer was not matched well with that at 0 and 50 m in winter (Fig. 10) . The correlation coefficient between summer bottom water temperature and winter water temperature at 0 (r=0.09) and 50 m (r=0.00) has low correlation (Table 3) . However, the relationship between winter water temperature at 0 and 50 m and summer bottom water temperature was different before and after the late of 1980s (Table 4) .
Winter water temperature was relatively correlated with summer bottom water temperature before the late 1980s, but after this, the relationship was low.
Before the late of 1980s, winter water temperature is considered as important factor influencing on the change of bottom water temperature in summer. Table 4 . Correlation coefficient between winter water temperature and summer water temperature at each depth before and after 1989 Table 1 ). AOI has a negative correlation with SHI, and this atmosphere interaction has influence on water temperature in the EYS. Therefore, water temperature has a negative correlation with Siberian High Pressure index, while
Arctic Oscillation Index has a positive correlation with winter water temperature (Fig. 11) . 
